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TECHNICAL MEMORANDUM X-53495 
EXPLICIT RUNGE-KU"A INTEGRATION 
Lyle R. Dickey 
George C. Marshall Space F l ight  Center 
Huntsvi l le ,  Alabama 
ABSTRACT 
A fou r th  order  Runge-Kutta method i s  appl ied t o  a system of l i n e a r  
d i f f e r e n t i a l  equations.  The so lu t ion  over one time s t e p  i s  obtained 
e x p l i c i t l y  as a func t ion  of  i n i t i a l  condi t ions and the  forc ing  func t ion  
evaluated a t  the  i n i t i a l  time, the f i n a l  time, and the  midpoint. 
Successive app l i ca t ions  of t h i s  r e s u l t  can be employed to  ob ta in  an 
e x p l i c i t  so lu t ion  f o r  a number of time po in t s  which can later be used 
t o  r ap id ly  determine so lu t ions  for  a l a rge  number of d i f f e r e n t  s e t s  of 
i n i t i a l  condi t ions and forcing functions.  
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SUMMARY 
A fou r th  order  Runge-Kutta method i s  appl ied t o  a system of  l i n e a r  
d i f f e r e n t i a l  equations.  The so lu t ion  over one time s t e p  i s  obtained 
e x p l i c i t l y  as a funct ion of i n i t i a l  condi t ions and the  forcing funct ion 
evaluated a t  the  i n i t i a l  time, the  f i n a l  time, and the  midpoint. 
Successive appl ica t ions  of t h i s  r e s u l t  can be employed t o  o b t a i n  an 
e x p l i c i t  so lu t ion  for  a number of time poin ts  which can l a t e r  be used 
t o  r ap id ly  determine so lu t ions  f o r  a l a rge  number of d i f f e r e n t  sets of 
i n i t i a l  condi t ions and fqrc ing  functions.  
EXPLICIT RUNGE-KUTTA 
Quite  o f t e n  it is necessary to  solve the  same system of d i f f e r e n t i a l  
' equat ions f o r  a l a rge  number of  d i f f e r e n t  i n i t i a l  condi t ions and forc ing  
funct ions.  In the  event t h a t  the  d i f f e r e n t i a l  equations a r e  l i n e a r ,  
considerable  computer time can be  saved by taking advantage of the  f a c t  
t h a t  t he  Runge-Kutta method of  i n t eg ra t ion  is a l i n e a r  operat ion.  With 
a l i t t l e  add i t iona l  e f f o r t ,  the  operat ion can be c a r r i e d  ou t  e x p l i c i t l y  
r e s u l t i n g  i n  a so lu t ion  which i s  a l i nea r  combination of values  of the  
fo rc ing  func t ion  evaluated a t  d i s c r e t e  po in t s  and the  i n i t i a l  condi t ions.  
Having obtained the  so lu t ion  i n  t h i s  form, it is  a simple matter f o r  a 
computer to  r ap id ly  evaluate  the so lu t ion  f o r  an extremely l a rge  number 
of  d i f f e r e n t  condi t ions.  I f  t h i s  can be accomplished over one time s t e p ,  
it is  only a m a t t e r  of  bookkeeping to r epea t  the  opera t ion  over a number 
of  time s teps .  With t h i s  i n  mind, the following system of l i n e a r  d i f f e r -  
e n t i a l  equations w i l l  be solved e x p l i c i t l y  over one such time s t e p  by 
fou r th  order  Runge-Kutta: 
= F(X, t)  = A(t) X + H(t).  
The s o l u t i o n  a t  a point  t, can be obtained from the  i n i t i a l  condi t ions  
a t  to and the  forcing funct ion,  H(t) ,  evaluated a t  to, t, and the  midpoint 
E by the  following method: 
where 
Since t h e  vec tor  equat ion (1) i s  l i n e a r  and t h e  opera t ions  descr ibed 
i n  equations (2) are a l s o  l i n e a r ,  the  s o l u t i o n  i s  of t h e  following form: 
where 
H, = H(t , ) .  
Successive s u b s t i t u t i o n  of equation (1) i n t o  the  expressions 
descr ibed i n  equations (2) y i e l d  the following equations f o r  U, C,, e, 
and C,. 
h h2 h3 h4 
6 12 24 C, = - I + -g- A -+ - i24- - A1 i2 




A, = A(t,). 
I f  the  func t ion  H ( t )  i s  i n  tabular  form and ava i l ab le  a t  time incre- 
ments which d i f f e r  from h,  some s o r t  of  i n t e rpo la t ion  method is  required.  
However, s ince  most of  t he  use fu l  i n t e rpo la t ion  formulas are l inear wi th  
r e spec t  t o  the  dependent v a r i a b l e ,  H,, and H, can be expressed as a 
l i n e a r  combination of t he  va lues  of H ( t )  a t  t he  po in t s  f o r  which they are 
tabulated.  Although the  bookkeeping may become somewhat ted ious  when 
the  so lu t ion  i s  des i red  a t  a l a rge  number of time po in t s ,  the  use o f  
mat r ix  no ta t ion  and d i g i t a l  computers, both of which are w e l l  designed 
f o r  such opera t ions ,  makes t h i s  an extremely small po in t  f o r  considerat ion.  
3 
c 
The e x p l i c i t  method out l ined  above i s  extremely usefu l  when a l a rge  
number of d i f f e r e n t  i n i t i a l  condi t ions and forc ing  funct ions a r e  t o  be 
used. I n  par t icular ,  i f  the  s t a t i s t i c s  of these  inputs  a r e  ava i l ab le ,  
the  mean and standard devia t ion  of the  output  can be evaluated i n  a 
s t ra ightforward manner and achieve r e s u l t s  t h a t  would r equ i r e  an extremely 
la rge  amouqt of  computer time i f  the  d i f f e r e n t i a l  equat ions were t o  be 
solved over and over again fo r  each individual  case.  
REFERENCES 
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New York, 1956. 
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Large Systems of Linear Differential Equations," NASA TM X-53079, 
October 1964, Unclassified. 
5 
APPROVAL NASA TM X-53495 
EXPLICIT RUNGE-KUTTA INTEGRATION 
By Lyle R. Dickey 
The information i n  t h i s  r epor t  has been reviewed fo r  s e c u r i t y  
c l a s s i f i c a t i o n .  Review of  any information concerning Department of 
Defense o r  Atomic Energy Commission programs has been made by the MSFC 
Securi ty  C l a s s i f i c a t i o n  Off icer .  This r e p o r t ,  i n  i t s  e n t i r e t y ,  has 
been determined t o  be unc la s s i f i ed .  
This document has a l s o  been reviewed and approved fo r  technica l  
accuracy. 
E. D. Geiss ler  





I - I - I B - D I R ,  C o l .  James 
I-MO-MGR, D r .  Speer 
I-HG-0, I&. Kurtz 






M r .  Swanson, -J 
M r .  Goerner, -A 
R-ASTR 
M r .  Moore 
Mr. Richard 
M r .  Gassaway 
M r .  Taylor 
M r .  Brooks 
M r .  Hosenthien 
M r .  Scofield 
M r  . Woods 
Mr. Digesu 
M r .  R. H i l l  
Mrs. Neighbors 
D r .  R. Decher 
R-COMP 
D r .  Arenstorf 
M r .  Davidson 
M r .  Harton 
M r .  Scol la rd  
Mr. Seely 
M r .  Calhoun 
R-AERO 
D r .  Geissler 
M r .  Jean 
M r .  Dearman 
M r .  Lavender 






M r .  W. Vaughan 
Mr. Hart 
M r .  Lovingood 
Mrs. Chandler 
M r .  L i s l e  
M r .  Teague 
M r .  Cummings 
D r .  Sperl ing 
D r .  Heybey 
M r .  Mabry 
M r .  Peasley 
M r .  0. E. Smith 
M r .  Dickey (20) 
M r .  Rheinfurth 
D r .  H. Krause 
Mr. Burns 
M r .  Hans K. Hinz 
Research Department 
Grumman Ai rc ra f t  Engineering Corp. 
Bethpage, Long Is land ,  N. Y. 
M r .  J. S. Fa r r io r  
Lockheed 
P. 0. Box 1103 
West S t a t  i on  
Huntsv i l le ,  Alabama 
D r .  George Nomicos 
Applitd Mathematics Sect ion 
Applied Research & Development 
Republic Aviation Corp. 
Farmingdale, Long Is land ,  N. Y. 
M r .  Theodore E. Edelbaum 
Analyt ical  Mechanics Assoc. Inc.  
Cambridge, Mass. 02139 




DISTRIBUTION (Cont Id) 
M r .  Arthur C. G i l b e r t ,  Sc. D. 
Chief,  Space Systems Requirements 
Corporate Systems Center 
Div. United Ai rc ra f t  Corp. 
1690 New B r i t i a n  Ave. 
Farmington, Conn. 
M r .  Robert A. Lerman 
S r .  Analytical  Engineer 
Tech. Planning 
H a m i l  ton  Standard Div. 
United Ai rc ra f t  Corp. 
Windsor Locks, Conn. 
D r .  M. G. Boyce 
Dept. of  Mathematics 
Vanderbil t  University . 
Nashvi l le ,  Tenn. 
D r .  Daniel Dupree 
Dept. of Mathematics 
Northeast  La. S t a t e  College 
Monroe, La. 
D r .  Steve Hu 
Northrop Corp. 
Box 1484 
Huntsv i l le ,  Ala. 
D r .  W i l l i a m  Nesl ine,  Jr. 
Analyt ical  Research Dept. 
Miss i le  and Space Div. 
Raytheon Company 
Bedford, Mass. 
Dept. of Mathematics 
Southern I1 1 in0 i s Un ive r s it  y 
Carbondale, Ill. 
Attn: D r .  Robert W.  Hunt 
M r .  Robert S i lbe r  
D r .  H. Hermes 
Mail flA1.27 
Martin Company 
P. 0. Box 179 
Denver 1, Colorado 
8 
M r .  R. W .  Reck 
Martin Company 
3313 S. Memorial Parkway 
Huntsv i l le ,  Alabama 
D r .  M. L. Anthony 
Space F l ight  Technology 
Mail No. A-153 
The Martin Company 
Denver 1, Colorado 
M r .  Samuel Pines 
Analyt ical  Mechanics Associates ,  Inc. 
941 Front S t r e e t  
Uniondale, New York 
D r .  W. A. Shaw 
Mechanical Engineering Dept. 
Auburn Universi ty  
Auburn, Ala. 
M r .  J. W. Hanson 
Computation Center 
University of  North Carol ina 
Chapel H i l l ,  North Carolina 
M r .  Oliver C.  Col l ins  
Advanced Research 
F l ight  Technology Dept. 
Aero-Space Div. 
Organization 2-5762 
Mail Stop 15-12 
Boeing Co. 
P. 0. Box 3707 
S e a t t l e ,  Wash. 
M r .  Carl B. Cox, Chief 




Mail Stop 15-03 
Boeing Co. 
P. 0. Box 3707 
S e a t t l e  24, Washington 
DISTRIBUTION (Cont 'd) 
I -  
+. - . *. 
Mr. Richard Hardy 
Boeing Co. 
P. 0. Box 1680 
Huntsv i l le ,  A l a .  
BOX AB-38 
Mr. Wes Morgan 
Box AB-49 
Boeing Co. 
P. 0. Box 1680 
Huntsv i l le ,  A l a .  
Mr. Robert Glasson 
Bendix Systems Div. 
Bendix Corp. 
3322 Memorial Parkway So. 
Huntsv i l le ,  Ala. 
Chrys ler  Corp . Missile Div. 
Sixteen Mile Rd. and Van Dyke 
P. 0. Box 2628 
Det ro i t  31, Mich. 
Attn: Mr. T. L. Campbell 
Dept. 7162 
Applied Mathematics 
Mr. Harry Passmore 
Hayes In t e rna t iona l  Corp. 
P. 0. Box 2287 
Birmingham, Ala. 
D r .  Charles C. Conley 
Dept.  of Mathematics 
University of Wisconsin 
Madison, Wisconsin 
D r .  0. R. Ainsworth 
Dept. of Mathematics 
University of  Alabama 
D r .  N. N. Pur i  
E l e c t r i c  Engineering Dept. 
Drexel I n s t i t u t e  of  Technology 
Phi ladelphia ,  Pennsylvania 
University of Kentucky 
College of A r t s  and Sciences 
Dept of Mathematics and Astronomy 
Lexington, Kentucky 
Attn: D r .  J. C. Eaves 
Space Sciences Laboratory 
Space and Info.  Systems Div. 
North American Aviation, Inc. 
12214 Lakewood Blvd. 
DOwney, Ca l i f .  
M r .  J. W. Scheuch 
P. 0. Box 557 
No. American Aviation, Inc. 
Huntsvi l le ,  Ala. 
Astrodynamics Operation M r .  Joe Mason 
Space Sciences Lab Space & Info. Systems Div. 
Missi le  and Space Vehicle Dept. Dept. 41-595-720 
General E l e c t r i c  Company No. American Aviation, Inc.  
Valley Forge Space Technology Center 
P. 0. Box 8555 Downey, Ca l i fo rn ia  
Phi ladelphia  1, Pennsylvania 
Attn: Mr. J. P. deVries M r .  Myron Schal l  
12214 Lakewood Blvd. 
Mr. C. Cavoti 
D r .  I. E. P e r l i n  
Rich Computer Center 
Georgia I n s t i t u t e  o f  
Atlanta ,  Ga. 
Supervisor,  Powered Trajectory 
Space & Info.  Div. 
No. American Aviation, Inc. 
12214 Lakewood Blvd. 
Techno logy Downey, Ca l i fo rn ia  
9 
DISTRIBUTION (Cont'd) 
M r .  S. E. Cooper 
Space & Info. Div. 
Dept. 41-697-610 
No. American Aviation, Inc.  
12214 Lakewood Blvd. 
Downey , C a l i f .  
Space Sciences Lab. 
Space & Info.  Systems Div. 
North American Aviation, I=. 
12214 Lakewood Blvd. 
Downey , Cal i f .  
Attn: M r .  Paul DesJardins 
M r .  Harold Be l l  
D r .  E.R. Rang 
Mi l i t a ry  Products Group 
Aeronautical Div. 
Minne apo 1 i s  -Ho ne ywe 1 1 Regulator Co . 
Mail Stop 8340 
Minneapolis, Minnesota 
D r .  Dahlard Lukes 
M. P. G. - Aeronautical  Div. 
Minneapolis-Honeywell Regulator Co. 
2600 Ridgeway Road 
Minneapolis , Minnesota 
D r  . Donald Greenspan 
Mathematics Research Center 
U. S. Army, Universi ty  of Wisconsin 
Madison, Wisconsin 
M r .  Ralph Q. Haumacher 
A2-863 : 
Douglas Ai rc ra f t  Corporation 
3000 Ocean Park Blvd. 
Santa Monica , Cal i fo rn ia  
Space /Guidance & Control 
M r .  F. A. Hewlett 
Mgr o f  Documentation 
Federal  Systems Div., IBM 
6702 Gulf Freeway 
Houston 1 7 ,  Texas 
M r .  H e w i t t  P h i l l i p s  
Langley Research Center 
Hampton, Va. 
M r .  Howard S. London 
h. 910-E 
Bellcomm, Inc.  
1100 17th S t .  , N.W. 
Washington, D. C.  
M r .  George Cherry 
Mass. I n s t i t u t e  of Technology 
Cambridge , Mass. 
M r .  W i l l i a m  C. Marshall 
Re search Eng ineer  
M. P. G. Research Dept. 
S t a .  #340 
Minneapolis-Honeywell Regulator Co. 
2600 Ridgeway Road 
Minneapolis 3 ,  Minnesota 
M r .  W. G. Melbourne 
J e t  Propul s ion Lab. 
4800 Oak Grove D r .  
Pasadena 3, Ca l i f .  
D r .  Byron D. Tapley 
Dept. of  Aerospace Engineering 
Universi ty  of Texas 
Austin,  Texas 
D r .  Hans G. Baussus 
USA, GIMRADA 
Fort  Belva i r ,  Vi rg in ia  
D r .  W i l l i a m  A. Mersman 
Chief , Elec t ronic  Machine Computing B r .  
Ames Research Center 
Moffett  F ie ld ,  Ca l i f .  
S iegf r ied  J. Gerathewohl 
Code SB 
NASA Headquarters 
Washington, D. C. 
D r .  Herman M. Dusek 
A. C.  Research & Development 
A.  C. Spark Plug 
Elec t ronics  Div. of Gen. Motors 
950 N. Sepulveda Blvd. 
E l  Segundo, Ca l i f .  
10 
DISTRIBUTION (Cont'd) 
M r .  Howard Haglund 
J e t  Propulsion Lab 
4800 Oak Grove Drive 
Pasadena 3,  Cal i forn ia  
M r .  Frank J. Car ro l l  
Systems Requirement Dept. 
Equipment Division 
Raytheon Company 
40 Second Avenue 
Waltham, Mass. 
M r .  T. Perkins 
Chrysler Corp. 
H I C  Bldg. 
Huntsv i l le ,  A l a .  
M r .  Robert Allen 
Mgr., Huntsvi l le  Sales  Off ice  
A. C .  Spark Plug 
Elec t ronics  Div. of Gen. Motors 
Holiday Off i c e  Center 
Huntsvi l le  , A l a .  
M r .  Dale B. Ruhmel 
S ta f f  Associate 
Aeronautical  Research Assoc. of 
Pr inceton,  Inc.  
50 Washington Rd. 
Princeton, N. J. 
M r .  Raymond Rishel 
Mathematical Analysis S ta f f  
Organization 2-5330 
Mail Stop 89-75 
Boe ing Company 
P. 0. Box 3707 
S e a t t l e ,  Washington 
D r  . Rudolf Hermann 
Director  
D r .  S .  H. Lehnigk 
Physical Sciences Lab. 
Army Missi le  Command, Bldg. 5429 
Redstone Arsenal,  A l a .  
M r .  R. J. Hayes 
Code RE-TG 
NASA Headquarters 
Washington, D. C.  
M r .  Harold Chestnut 
1 River Road 
Schenectady, N. Y. 
Space Sciences Lab. 
Space & Info.  Systems 
North American Aviation, Inc. 
Downey, Ca l i fo rn ia  
Attn: M r .  Dave Engles 
D r .  Lu Ting 
Dept. of Applied Mechanics 
Polytechnic I n s t .  of  Brooklyn 
333 Jay S t r e e t  
Brooklyn 1, N. Y. 
NASA, Langley Research Center 
Hampton, Vi rg in ia  
A t  tn:  L ibrar ian  
D r .  Peter  Musen 
Goddard Space F l t .  Center 
NASA 
Greenbelt ,  Md. 
D r .  V. Szebehely 
Yale University Obs . 
Box 2023, Yale Sta.  
New Haven, Conn. 
D r .  Rudolph Kalman 
Universi ty  of Alabama Research Ins t .  Divis ion of Engineering Mechanics 
4701 Universi ty  Ave., N.W. Stanford Universi ty  
-e Huntsvi l le  , Ala. Stanford,  Ca l i fo rn ia  94305 
11 I 
DISTRIBUTION (Cont 'd) 
M r .  Ken Kissel 
Aeronautical Sys tems Div. 
Applied Mathematics Research Branch 
Wright-Patterson A i r '  Force Base 
Dayton, Ohio 
M r .  Jack f ink  
Manned Spacecraft  Center 
F l igh t  Dynamics Branch 
NASA 
Houston , Texas 
D r .  J .  B. Rosser 
Dept. of Mathematics 
Corne 11 Univer s i t y  
I thaca ,  N. Y .  
Douglas Aircraf t  Corp . 
3000 Ocean P a r k  Blvd. 
Santa Monica, Ca l i f .  
Attn: R. E .  Holmen A2-263 
Guidance & Control Sect ion 
D r .  Joseph F. Shea 
Manned Spacecraft  Center (MSC) 
Houston , Texas 
M r .  Charles F. Pontious 
Guidance & Navigation Program 
Office of Advanced Research & Rech. 
Code: REG 
NASA 
Washington 25, D. C. 
M r .  J u l e s  Kanter 
Guidance & Navigation Program 
Off ice  of Advanced Research & Tech. 
Code:. REG 
NASA 
Washington 25, D. C.  
D r .  Ray Wilson 
OART-Code RRA 
Washington 25, D.  C.  
D r .  Joseph W. S i ry  
Theory & Analysis Off ice  (547) 
Data Systems Divis ion 
Goddard Space F l igh t  Center 
Greenbel t ,  Md. 
Douglas A i r c r a f t  Corp. 
3000 Ocean Park Blvd. 
Santa Monica, C a l i f .  
Attn:  M r .  Joe Santa,  A2-863 
J. B. Cruz, Jr. 
R e  search Associate Prof e s sor 
Coordinated Science Lab. 
Urbana, I l l .  
M r .  Alan L. Friedlander 
Research Engineer 
Guidance and Control Sect ion 
I I T  Research Center 
10 W .  35th S t r e e t  
Chicago 16, Ill. 
M r .  Joseph V. Natrella 
Manned Space F l igh t  - Code MCR 
NASA Hdqs., FOB 10B 
Washington, D. C.  
M r .  Donald Jezewski 
Guidance Analysis Branch 
Spacecraf t  Techno logy Divis ion 
Manned Spacecraf t  Center 
Houston , Texas 
M r .  Robert M. W i l l i a m s  
Chief , Guidance Analysis 
General Dynamics/Astronautics 
Mail Zone 513-0 
P. 0. Box 166 
San Diego 12, C a l i f .  
M r .  M. D. Anderson, Jr. 
General Dynamics Corp. 
Su i t e  42 Holiday Off ice  Center 
South Memorial Parkway 
Huntsv i l le  , A l a .  
1 2  
. 
DISTRIBUTION (Cont 'd) 
Mr. Y. L. Luke 
Mathematics & Physics Div. 
Midwest Research I n s t i t u t e  
425 Volker Blvd. 
Kansas City 10, Missouri 
Mr. Ted GuiM 
Advanced Space Technology 
Engineering Research 
Douglas Ai rc ra f t  Corp. 
Santa Monica, Ca l i f .  
Mr. Robert Chi l ton 
NASA Manned Spacecraft  Center - EG 
P. 0. Box 1537 
Houston, Texas 
D r .  S. E. Ross 
Off ice  of Manned Space F l t .  - NASA 
Washington, D. C. 
L t .  Stephen J. Kahne, USAF 
Applied Mathematics Branch 
Data Sciences Lab. 
A i r  Force Cambridge Research Labs. 
Office of Aerospace Research 
Lawrence G. Hanscom Field 
Bedford, Mass. 
Mr. Daniel B.  Ki l leen  
Computer Lab. 
Norman Mayer Bldg. 
Tulane Universi ty  
New Orleans,  La. 
D r .  Bernard Friedland 
S t a f f  S c i e n t i s t  - Control 
General Prec is ion ,  Inc. 
L i t t l e  F a l l s ,  N. J. 
Mr. C. H. Tross 
Mgr., Aerospace Sciences 
UNIVAC Div. of Sperry Rand Corp. 
P. 0. Box 6248 
San Diego 6 ,  Cal i f .  
'b 
Mr. Walter L. Portugal 
Mgr., Systems Sales  
Aerospace Group 
General Prec is ion ,  Inc.  
L i t t l e  F a l l s ,  New Jersey  
Mr. Ken Squires 
Goddard Space F l ight  Center 
Bldg. #I, NASA 
Greenbe 1 t , Md . 
D r .  Paul Degrarabedian 
Astro Science Lab. 
Bldg. G 
Space Technology Lab., Inc.  
One Space Park 
Redondo Beach, Ca l i f .  
D r .  George Leitmann 
Associate Professor ,  Engr. Science 
University of Ca l i fo rn ia  
Berkely, Cal i f .  
D r .  R. P. Agnew 
Dept. of  Mathematics 
Cornel1 University 
I thaca ,  N. Y. 
D r .  Jurgen Moser 
Professor of  Mathematics 
Graduate School of A r t s  and Science 
New York Universi ty  
New York, New York 
M r .  C l i n t  Pine 
Dept. of  Mathematics 
Northwestern S t a t e  College 
Natchitoches,  La. 
D r .  John Gates 
J e t  Propulsion Lab. 
4800 Oak Grove Drive 
Pasadena 3, Ca l i f .  
Auburn Research Foundat ion  
Auburn University 




Grumman Aircraf t  Engineering Corp. 
Bethpage, L. I . ,  New York 
J e t  Propulsion Lab. 
Library 
4800 Oak Grove Drive 
Pasadena 3 ,  C a l i f .  
S c i e n t i f i c  and Tech Info.  F a c i l i t y  (25) 
Attn: NASA Rep. (S-AKIRKT) 
P. 0. Box 33 
College Park, Maryland 20740 
NASA Ames Research Center 
Mountain View , C a l i f .  
A t  tn:  L ibrar ian  
NASA Fl ight  Research Center 
Edwards A i r  Force Base, C a l i f .  
Attn: L ibrar ian  
NASA, Goddard Space F l igh t  Center 
Greenbelt ,  Md. 
A t  tn: L ibrar ian  
NASA Launch Operations Direc tora te  
Cape Kennedy , Florida 
Attn: Librar ian 
NASA Lewis  Research Center 
Cleveland , Ohio 
Attn: Librar ian  
NASA Manned Spacecraf t  Center 
Houston 1, Texas 
A t  tn: L ibrar ian  
NASA Wallops Space F l igh t  S t a t ion  
Wallops I s land ,  Va.  
Attn: L ibrar ian  
Space Fl ight  Library 
Universi ty  of Kentucky 
Lexington , Kentucky 
14 
(Cont 'd)  
Universi ty  o f  Kentucky Library 
Universi ty  of Kentucky 
Lexington, Kentucky 
Off ice  of  Manned Space F l igh t  
NASA Headquarters 
Federal  Off ice  Bldg. 116 
Washington 25, D. C. 
Attn: M r .  Eldon H a l l  
D r .  A. J. Kelly 
M r .  Bryan F. Dorl in  
Theore t ica l  Guidance & Control B r .  
NASA, Ames Research Center 
Moffett  F ie ld ,  C a l i f .  
L t .  Col. R. A. Newman 
A i r  Force Space Systems Div. 
M- S SVH 
Bldg. 5250 
Redstone Arsenal,  A l a .  
Roger John son 
Honeywe 11 R e  search 
Rosevi l le  , Minnesota 
